Ultrasonography (US) and the new applications US elastography (USE) and contrast-enhanced US (CEUS) are used in the screening of thyroid nodules, for which fine-needle aspiration biopsy (FNAB) is the best single diagnostic test. The aim of the study was to compare the sensitivity, specificity, positive predictive value (PPV), and accuracy of the four examinations in nodules with cytological and histological diagnoses. The study used data from US, FNAB, USE (elasticity (ELX 2/1) index), and CEUS (Peak index and time to peak (TTP) index) evaluated in 73 thyroid nodules in 63 consecutive patients likely to undergo surgery. Cytological-histological correlation was available for 38 nodules. No correlation emerged between nodule size and cytological results. A significant (P=0.03) positive correlation between cumulative US findings and cytological results was found. In addition, significant correlations between cumulative US findings and cytology (P=0.02) and between cumulative US findings and histology (P<0.0001) were found. US showed the best specificity and PPV, and FNAB the best sensitivity. There was no significant difference in the ELX 2/1 index, Peak index, or TTP index among nodules subdivided according to cytological scores. No significant correlation was found between ELX 2/1 index, Peak index, and TTP index, on the one hand, and nodule size, US cumulative findings, cytology, and histology on the other hand. The sensitivity of the ELX 2/1 index was high, but its specificity was very low. The accuracy and PPV of USE were lower than those of the other procedures. Only the correlation between Peak index and cumulative US findings reached a value close to significance. Our ultimate aim is to minimise unnecessary thyroidectomy. US and FNAB continue to play a central diagnostic role. The use of a US score showed high specificity and PPV. The specificity of FNAB was low in this selected series because of the numbers of indeterminate cytological responses. USE and CEUS are innovative techniques that need to be standardized. The ELX 2/1 index, Peak index, and TTP index seem to be unrelated to histology. The best statistical data on USE and CEUS concerned their sensitivity and PPV, respectively. At present, USE and CEUS are too time-consuming and of limited utility in selecting patients for surgery.
Introduction
Thyroid nodules are a common clinical problem, with prevalence varying according to the method of examination used. Ultrasonography (US) is the most sensitive diagnostic tool for detecting the presence of thyroid nodule(s) (Henrichsen and Reading, 2011) . Thyroid nodules are more common in elderly patients, females, and patients with an iodine deficiency. When a nodule is found, the most important clinical problem is to exclude malignancy, which accounts for approximately 5% of all thyroid nodules, irrespective of their size (Gharib et al., 2006) . In differentiating malignant from benign thyroid nodules, cytological investigation by means of fine-needle aspiration biopsy (FNAB) is the best single test (Castro and Gharib, 2003; Nam-Goong et al., 2004; Sidoti et al., 2006) . The ultimate aim of FNAB is to reassure the patient and to avoid recourse to surgery when this is not otherwise indicated (Sidoti et al., 2006) . Literature data indicate that FNAB yields useful cytological results in about 80% of cases (Burch, 1995; Sidoti et al., 2006; Gharib and Papini, 2007) . Nevertheless, non-diagnostic examinations in US-guided FNAB range from 3% to 16% (Danese et al., 1998; Baloch et al., 2003; Redman et al., 2006; Sidoti et al., 2006; Gharib and Papini, 2007) and indeterminate (follicular) lesions range from 6% to 20% (Baloch et al., 2003; Foppiani et al., 2003; Sidoti et al., 2006; Gharib and Papini, 2007; Rago et al., 2007) . When nondiagnostic FNABs are referred for surgery, the likelihood of malignancy is reported to vary widely, from 5% to 37%, probably depending on patient selection (Chow et al., 2001; Yang et al., 2007; Lewis et al., 2009; Garcia-Pascual et al., 2011) . Moreover, in about one quarter of FNAB-indeterminate lesions, thyroid cancer has been found after surgery (Mihai et al., 2009) .
Molecular biology techniques, such as searching for genetic alterations (Nikiforova et al., 2003; Gomez Saez, 2010) or protein expression (Bartolazzi et al., 2008; Gomez Saez, 2010) , have not yet led to a significant improvement in distinguishing cases of thyroid malignancy from those of inadequate or indeterminate cytology. On the other hand, the role of US in this effort is complex, being both operator-and machine-dependent and linked to an adequate standardized terminology. In a multicentre retrospective study, the US features of malignant nodules were: taller than wide in shape, irregular margin, marked hypo-echogenicity, microcalcification and macrocalcification; however, the sensitivity of each individual parameter was low, ranging from 40% to 48% (Kim et al., 2002) . Spot microcalcifications are reported to be significantly associated to thyroid cancer, but their lower frequency in microcarcinomas reduces sensitivity. This suggests that this single finding is not a major predictor of malignancy in nodules smaller than 1 cm (Moon et al., 2011) . US elastography (USE) is a relatively new technique for measuring the elasticity of tissues. Carcinoma tissue is harder and firmer than the thyroid parenchyma or benign thyroid nodules. USE quantifies the firmness of the tissue and displays this as a colour map, on which a hard consistency appears in blue and a soft constancy in red, with yellow to green indicating intermediate values from soft to hard. The strain index (SI) has been suggested as a good predictive factor for malignancy (Lyshchik et al., 2005) . Recently, some (Rago et al., 2010) but not all (Lippolis et al., 2011) authors have reported that USE may be an important tool in the diagnosis of thyroid malignancy in nodules in which FNAB is nondiagnostic or indeterminate between benign and malignant. USE has also been claimed to be useful in selecting patients who are candidates for surgery (Rago et al., 2010; Cakir et al., 2011) . Finally, in the last 10 years, some contrast agents have been introduced in order to better characterize solitary thyroid nodules by focusing on time-intensity curves; contrast is observed significantly sooner in thyroid carcinomas than in benign hyperplastic nodules and adenomas (Spiezia et al., 2001) . Moreover, regular and monophasic washout curves are more frequent in benign lesions, while they are mainly irregular and polyphasic in malignant lesions (Argalia et al., 2002) . The new availability of a second generation of microbubble-based contrast agents enables continuous imaging at low acoustic power. Contrast-enhanced US (CEUS) is a new technique, and its potential in diagnosing thyroid carcinomas is not yet known (Bartolotta et al., 2006; Zhang et al., 2010) .
Limitations to USE could be: the selection of nodules, difficulty in achieving standardized compression of the neck region, subjectivity in attributing an elasticity score and intra-and inter-observer variabilities. Here, we report our experience of USE, in which the elasticity index (ELX 2/1) was adopted. Provided directly by the software of the equipment, this index is, in our opinion, less operator-dependent than the colour score developed by Ueno and Ito (2004) for breast imaging which has been employed in previous papers (Rago et al., 2010; Cakir et al., 2011; Lippolis et al., 2011) . In CEUS, too, the mathematical approach is crucial, owing to the complexity of data analysis (Molinari et al., 2010) ; we report our experience of using a contrast software showing both colour maps and time-intensity curves. The final aim was to compare the results of USguided FNAB, USE, and CEUS with the final histological report. It has not yet been established whether USE and CEUS are interesting, but expensive and time-consuming, new techniques to be confined to research centres, or whether they have the potential for broad application in the endocrinological setting.
Materials and methods

Patients
From January 2010 to June 2011, this prospective study enrolled 63 consecutive patients who were deemed candidates for surgery on the basis of the size of their nodular goitre or cytological results. Thirtyseven patients had uninodular goitre, while in 26 the goitre was multinodular. Laboratory data were compatible with Hashimoto's thyroiditis in three patients. Fifty-one patients were females and 12 were males; their age range was 20-81 years [(55.9±14.7) years; mean±standard deviation (SD)]. After US-guided FNAB performed on 73 nodules, all patients were invited to undergo further evaluation by means of USE and CEUS. Selection criteria were: age over 18 years, nodules suitable for USE (i.e., devoid of prevalent fluid content or coarse calcifications), and indication for thyroidectomy. The primary aim of the study was to compare the impacts of US-FNAB, USE and CEUS in the preoperative detection of thyroid carcinoma. All patients gave informed consent to participate in the study. The three patients with Hashimoto's thyroiditis were on levothyroxine therapy, and another eight patients were undergoing thyroid stimulating hormone (TSH)-reductive therapy. Only one patient was on methimazole therapy for pre-toxic goitre. All patients underwent laboratory evaluations. TSH and free-T4 (f-T4) were measured by means of ultra-sensitive chemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany). Normal ranges are: 0.3-4.2 mIU/L for TSH, and 12.0-22.0 pmol/L for f-T4. Auto-antibodies against thyroperoxidase (TPOAb) were evaluated by means of the Dia Sorin assay (Saluggia, Italy); concentrations <100 mIU/L were regarded as negative. Serum calcitonin (CT) was assayed by chemiluminescence immunoassay (Dia Sorin); in our laboratory, the upper limit of the normal CT range is <10 ng/L; our institutional cut-off for CT evaluation in needle washing after FNAB is 30 ng/L (Massaro et al., 2009 ).
FNAB cytology and histology
The three dimensions of the nodules were measured by means of US, the largest diameter being recorded as the nodule size. FNAB was performed under US assistance in the solitary or dominant nodules, as already reported (Sidoti et al., 2006) , and following the current guidelines (Castro and Gharib, 2003; Gharib and Papini, 2007) . The adequacy of an aspirate was defined in accordance with previously reported criteria (Layfield et al., 2009) . Cytomorphological results were subdivided into five diagnostic categories (Thy 1-5) according to the BTA criteria (British Thyroid Association, 2007) . When thyroid surgery was performed, the histological diagnosis was made in accordance with the World Health Organization guidelines (Heidinger and Sobin, 1974) . Except for USE and CEUS data, all available clinical data were given to the pathologist.
Thyroid US and USE
All thyroid glands were examined by means of high-resolution US with a colour-Doppler module (AU 5 Idea, Esaote Biomedica, Genoa) equipped with a 7.5-MHz linear probe; US-FNAB was performed with the aid of this same equipment. In accordance with US guidelines (Gharib and Papini, 2007; Moon et al., 2011) , the following parameters were investigated: echogenicity vs. non-nodular tissue, presence or absence of halo sign, presence or absence of microcalcifications, and flow pattern of the nodule. All USE examinations were performed by the same operator (Dr. Gianni TURTULICI) by means of a MyLab 70 XvG US scanner (Esaote Biomedica) equipped with an LA-522 linear probe working in the range of 7-12 MHz and the software for the quantification of the USE features of the tissue. Static and moving images were recorded in accordance with Lyshchik et al. (2005) at least three times to obtain mean values. The elasticity score (ELX 2/1) index was calculated as the ratio between the elasticity features of the selected region-of-interest (ROI) located on US-normal thyroid tissue and the ROI of the nodule under investigation. An ELX 2/1 index less than 1 indicates a soft nodule, while an ELX 2/1 index higher than 2 indicates a hard nodule. ELX 2/1 indexes between 1 and 2 are regarded as indicating nodules of intermediate hardness. We considered the ELX 2/1 index directly reported on the screen of the equipment, as this is a less operator-dependent variable than the elasticity colour-scale extrapolated from breast tissue (Ueno and Ito, 2004) to the thyroid gland by some authors (Rago et al., 2010; Cakir et al., 2011; Lippolis et al., 2011) .
Thyroid CEUS
Once written informed consent had been obtained, CEUS images were acquired by the MyLab 70 US scanner while the patient was in the fasting condition. CEUS was performed by using a nondestructive US mode after bolus injection of SonoVue (4.8 ml; Bracco, Milan). CEUS video-clips were digitally recorded and analysed by means of Q-Contrast software V.4.0. (Bracco). Time-intensity curves within selected ROI and colour maps were acquired. Nodule and healthy thyroid tissue values of peak contrast enhancement (Peak) and time to peak (TTP) were calculated. Peak and TTP are reported as indexes (Peak index, TTP index) derived from the ratio between the values from the ROI of the nodule and the ROI of normal thyroid tissue. In our preliminary experiences, colour maps and time-intensity curves showed a variable contrast peak and an inhomogeneous TTP pattern in nodules with malignant cytology, while in nodules with benign cytology, a contrast peak higher than that of the surrounding healthy thyroid and homogeneous TTP colour maps were obtained.
Statistical analysis
Owing to the small samples of subjects, non-parametric tests were used for statistical evaluation. The correlation coefficient r was calculated by means of Spearman correlation (Sr). Data are reported as mean±standard error of mean (SEM), if not otherwise reported. Significance was set at P≤0.05. A US score (from 0 to 5) was arbitrarily calculated for the nodule under evaluation, with one point being assigned for the presence of each of the following radiological findings: solid, hypo-echoic, microcalcification, internal vascularisation, and irregular shape. For the purpose of correlation, the histology was scored as follows: 1=benign, 2=minimally invasive with indeterminate potential of malignancy, and 3=malignant.
Sensitivity, specificity, positive predictive value (PPV), and accuracy were evaluated in 38 nodules with available histological data. After US, we arbitrarily considered nodules with scores 3-5 and malignant histology to be true positives (TP) and nodules with scores 1-2 and benign histology to be true negatives (TN). Nodules with scores 3-5 and benign histology were regarded as false positives (FP), while nodules with scores 1-2 and malignant histology were regarded as false negatives (FN). In accordance with Lewis et al. (2009) , after FNAB, those nodules in which cytology was either indeterminate or malignant (Thy 3-5) and histology was malignant were considered TP, while those which had both benign cytology (Thy 2) and histology were considered TN. Thy 3-5 nodules with benign histology were classified as FP, while Thy 2 nodules with malignant histology were classified as FN. After USE, nodules with an ELX 2/1 index >1 (hard nodules and nodules of intermediate hardness) and malignant histology were considered to be TP, while those with an ELX 2/1 index ≤1 and benign histology were considered to be TN. Nodules with an ELX 2/1 index >1 and benign histology were classified as FP, and those with an ELX 2/1 index ≤1 and malignant histology FN. After CEUS, nodules with a Peak index ≤1 and/or TTP index ≥1 and malignant histology were deemed TP, while those with a Peak index >1 and/or TTP index <1 and benign histology were deemed TN. Nodules with a Peak index ≤1 and/or TTP index ≥1 and benign histology were classified as FP, and those with a Peak index >1 and/or TTP index <1 and malignant histology as FN. The following formulae were employed: 
Results
Clinical data and US
At the time of FNAB evaluation, the results of thyroid function tests, irrespective of any therapy under way, were in the normal range (f-T4 12.8-21.7 pmol/L; TSH 0.3-4.2 mIU/L) in all subjects. Only one subject displayed slightly elevated CT levels (12 ng/L), but suspicion of medullary-hormone hypersecretion was not confirmed by CT evaluation on the needle-washing after FNAB. The FNAB procedure was well tolerated, causing only occasional local pain.
Nodules ranged in size from 4 to 50 mm [(17.9± 1.1) mm; median 15.5 mm]. There was no correlation between nodular sizes and the results of cytology according to BTA criteria. The percentages of US parameters observed in the nodules were: 75% hypoechogenic, 73% solid, 55% with intra-nodular vascularisation, 19% with spot micro-calcifications, and 18% with irregular margins. There was a significant (n=67, Sr 0.26; P=0.03) positive correlation between the combined set of these five US findings and the results of FNAB expressed according to BTA criteria.
Histology was available in 33 of the 44 patients in whom surgery was performed. Benign histology (6 follicular adenomas; 8 hyperplastic nodules; 2 Hurtle adenomas) was found in 16 nodules, while a final diagnosis of malignancy (19 papillary thyroid carcinomas, 2 follicular variant of papillary thyroid carcinomas) or potential malignancy (1 minimally invasive follicular tumour) was reported in 22 nodules. In 13 patients with non-diagnostic (n=1), benign (n=10), and indeterminate (n=2) cytology, a further follow-up period was decided upon. Six patients (n=4 Thy 2 and n=2 Thy 3) were lost to follow up. In the 33 patients for whom histology was available, a significant correlation was seen between cumulative US findings (n=38 nodules) and both cytology (n=38, Sr 0.37; P=0.02) and histology (n=38, Sr 0.65; P<0.0001). Sensitivity, specificity, accuracy, and PPV calculated for US scores and Thy scores from nodules with available histology are reported in Table 1 . US showed the best specificity and PPV values, and FNAB the best sensitivity.
Histology, USE, and CEUS
There was 100% concordance between malignant histology and a Thy 5 result on cytology, and 100% concordance between benign histology and a Thy 2 result on cytology. Malignant histology was found in 85% of nodules with Thy 4 cytology, but in only 25% of nodules with Thy 3 cytology.
An ELX 2/1 index was available for 82% of nodules. There were no significant differences in ELX 2/1 indexes among nodules subdivided according to Thy scores 2-5 (Table 2 ). For illustrative purposes, USE images are shown in Figs. 1 and 2 ; the ELX 2/1 index calculated by the software are shown. The ELX 2/1 index was successfully recorded in 34 (89%) of the 38 nodules with available histology. In the other 4 nodules, the ELX 2/1 index was unobtainable owing to the prevalent retro-jugular right extension of an estimated 35-mm nodule, the contiguity with the trachea of a 10-mm isthmus nodule and the loss of data. The sensitivity of the ELX 2/1 index calculated from USE was high, but specificity was very low; accuracy and PPV were lower than those of the other procedures (Table 1) . No significant correlation was found between ELX 2/1 index and nodule size, cumulative US findings (score), cytology (Thy) or histology. CEUS was performed on 45 nodules (62%); no adverse events or side effects were recorded during or immediately after the injection of the contrast agent. There was no significant difference in Peak index or TTP index among nodules subdivided according to Thy scores 2-5 (Table 2) . Illustrative CEUS images are reported in Figs. 1 and 2 ; the intensity curves of the ROI obtained from the nodule under investigation and from surrounding normal thyroid tissue are shown. CEUS was performed on 28 of the 38 nodules for which histology was available. CEUS could not be performed in 10 nodules owing to refusal of the intravenous injection of contrast (n=4), the impossibility of studying bilateral nodules in the same scheduled CEUS (n=3), and the technical impossibility of recording adequate video-clips (n=3). No significant correlations were found between Peak index or TTP index after CEUS and nodule size, cumulative US findings (score), cytology (Thy), or histology. Only the correlation between Peak index after CEUS and cumulative US findings reached a value close to significance (P=0.09). PPV was the best statistical result for CEUS (Table 1) . 
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Discussion
Among modern imaging modalities, highresolution US is the most sensitive diagnostic modality for the detection of thyroid nodules, and it is necessary to perform US on all nodules found on palpation (Gharib et al., 2006; Gharib and Papini, 2007; Henrichsen and Reading, 2011; Moon et al., 2011) . In addition, US can evaluate the size and characteristics of non-palpable nodules, guide FNAB, and reveal lymph-node metastases. In clinical practice, US is increasingly being used as an adjunct to physical thyroid examination. It is conceivable that the number of referrals to endocrinologists for newly (incidentally) discovered thyroid nodules will also dramatically increase, thus raising concerns as to how to manage this 'epidemic' (Gharib et al., 2006; Gharib and Papini, 2007) . No single US pattern should be used alone as a definite criterion of malignancy, since considerable overlapping of US features has been found in benign and malignant lesions (Kim et al., 2002; Moon et al., 2011 characteristics, such as irregular or blurred margins, micro-calcifications, marked hypo-echogenicity, and taller-than-wide shape, are reported to be more predictive of thyroid malignancy (Horvath et al., 2009; Moon et al., 2011) . In our study, after investigating five US parameters (hypoechogenic, solid, intra-nodular vascularisation, micro-calcifications, irregular margins) in the nodules under evaluation, we observed a significant positive correlation between the combined set of these findings and both cytology and histology. In our selected population of nodules, the diagnostic power (both sensitivity and PPV) of standard, relatively inexpensive and rapid colour-Doppler US proved to be high. That analysing several US parameters reveals a higher incidence of malignancy was also reported by Horvath et al. (2009) , who used the so-called thyroid imaging reporting and data system (TIRADS). In their study, malignancy was found in over 80% of nodules classified as probably malignant (TIRADS 5) on US, while in our nodules histology revealed malignancy in 100% of those in which four or five parameters proved positive. However, a limitation of both this and Horvath et al. (2009) 's studies is that not all US-evaluated nodules were subsequently operated on at once. A further limitation of US scores is the rate of proven malignancy in nodules showing low US risk. In our population, 14% of nodules with a 1-2 score proved malignant on histology, and in nodules classified by TIRADS as probably benign, up to 5% malignancy was found (Horvath et al., 2009) .
When a thyroid nodule is found, FNAB remains the best and easiest means of distinguishing between malignant and benign lesions (Burch, 1995; Sidoti et al., 2006; Gharib and Papini, 2007) . False-negative rates, between 0.2% and 5.0% (Gharib and Papini, 2007; Nayar and Ivanovic, 2009) , are deemed acceptable. Nodular size is crucial to a reliable cytology result, and some authors (Kim et al., 2009) , but not all (Nam-Goong et al., 2004) , discourage the routine use of US-FNAB to diagnose thyroid nodules of less than 1 cm. In our study, no correlation between nodular size and cytology results was found. In our opinion, as already reported in the literature (Sidoti et al., 2006; Gharib and Papini, 2007; Kim et al., 2009) , only specific reasons, such as US features of cancer, history of thyroid irradiation, a family history of thyroid cancer, or local symptoms, justify FNAB in thyroid nodules of less than 1 cm.
Indeterminate lesions are currently reported in FNAB series as placing another limitation on this procedure (Baloch et al., 2003; Foppiani et al., 2003; Sidoti et al., 2006; Gharib and Papini, 2007; Rago et al., 2007; Mihai et al., 2009; Rago et al., 2010) . Cytological-histological correlation has demonstrated cancer in 1/4 patients with cytological features of follicular neoplasia (Mihai et al., 2009; Rago et al., 2010) . The likelihood of malignancy has been reported to be higher in men and in large (>4 cm) nodules with Thy 3 cytology (Mihai et al., 2009) ; however, the present data and those of other authors (Kim et al., 2003) do not support this association.
USE has recently been introduced in some centres to overcome the limitations of FNAB. The efficacy of USE in distinguishing benign from malignant thyroid nodules varies widely, ranging from 34% to 100% in different studies (Lyshchik et al., 2005; Rubaltelli et al., 2009; Rago et al., 2010; Vorlander et al., 2010; Cakir et al., 2011; Lippolis et al., 2011) . USE may be viewed as a form of palpation by means of US and, as such, the examination may be influenced by operator's experience. More recently, USE machines have been able to measure tissue hardness both qualitatively (colour score) and quantitatively (defined value of hardness). Vorlander et al. (2010) measured strain values in 309 thyroid nodules and compared the results with histopathological diagnoses; the PPV proved to be 42%. In a recent study by Cakir et al. (2011) , in which 391 nodules in 292 patients were evaluated, the SI, calculated on both transverse and longitudinal measurements, was significantly higher in malignant nodules than in benign ones. However, the elevated standard deviation could suggest a non-normal distribution of the SI, and the correlation between the SI value and the final histological diagnosis is not easy to discern in Cakir et al. (2011) 's study. Moreover, cumulative US features seemed to be more predictive of malignancy than the SI value (Cakir et al., 2011) .
Our USE equipment and program report the ELX 2/1 index, which is the ratio between the hardness observed in ROI in normal tissue and ROI in the nodular tissue. The ELX 2/1 index in our limited number of nodules did not correlate significantly with the results of either cytology or histology. Moreover, in another study, in which a 2nd generation USE machine was used to examine a significant number of nodules, a high rate of false-negative diagnoses of malignancy was found (Vorlander et al., 2010) . Cakir et al. (2011) observed that the ability of the colour score 5 (hard) to predict malignancy was lower than the ability of the score 1 (soft) to predict benignity. The reasons for this discrepancy with regard to Rago et al. (2010) 's data were attributed to the qualitative (operator-dependent) method of USE and study population selection (Thy 1-3). Although ELX 2/1 and SI seem to be less operator-dependent, they have so far added nothing to standard US in terms of the ability to predict malignancy. Nevertheless, it must be borne in mind that these are the first studies to calculate hardness by means of USE, and we cannot exclude the possibility that this non-invasive procedure might, in the future, assist conventional methods of distinguishing between benign and malignant thyroid nodules. At present, we disagree with the proposal by some authors (Vorlander et al., 2010) that USE should substitute FNAB.
The latest technique involving US equipment for the study of thyroid vascularisation uses microbubble contrast agents. It is well known that the thyroid gland has an abundant microvasculature, and that the parenchyma of normal thyroid shows rapid uniform enhancement after intravenous injection of contrast agents. Nodules differ from the normal vascular structure, and hence their enhancement differs from that of the normal parenchyma (Argalia et al., 2002; Bartolotta et al., 2006) . Argalia et al. (2002) have demonstrated that CEUS time-intensity curves can provide an indirect description of intra-nodular vascularisation, which seems to be "anarchic" in malignant nodules.
Some studies carried out with the firstgeneration air-based contrast agent analyzed timeintensity curves in the characterization of solitary thyroid nodules, but did not provide conclusive data (Spiezia et al., 2001) . SonoVue is a new, secondgeneration, stabilized micro-bubble preparation containing sulphur hexafluoride. SonoVue has low solubility, is isotonic, and does not contain potentially antigenic gas. An early report showed that SonoVue can enable some specific contrast-enhancement patterns to be identified in various focal liver lesions (Bartolotta et al., 2005) . In a small series of patients, Bartolotta et al. (2006) reported a CEUS pattern specific for malignancy; malignant nodules displayed mainly absent or faintly dotted vascularisation, whereas benign lesions showed only diffuse vascularisation, whether homogeneous or inhomogeneous. Nevertheless, in their study, CEUS findings seemed to be more closely related to nodule size than to histology (Bartolotta et al., 2006) . In a study by Zhang et al. (2010) , four enhancement patterns were observed: homogeneous, heterogeneous, ring, and absent enhancements. The authors reported as the most meaningful findings of their study that ring enhancement can identify benign thyroid nodules, whereas heterogeneous enhancement can identify malignant thyroid nodules with high sensitivity and specificity. In this selected cohort of patients, 24% of mixed nodules and 66% of solid nodules were malignant. Nodules showing enhancement were more likely to be benign, whereas nodules showing heterogeneous enhancement were more suspicious and FNAB should therefore be recommended (Zhang et al., 2010) . Spiezia et al. (2001) showed that carcinomas displayed a shorter time to the peak of the perfusion curve, but that peak intensity and washout were not statistically different from those seen in benign nodules. Conversely, Friedrich-Rust et al. (2010) recently reported that the time-intensity CEUS curves did not prove useful in distinguishing between benign and malignant nodules, and in our experience the Peak index and TTP index were not related to cytological and histological results. CEUS presents some limitations: the examination is expensive, only one nodule can be evaluated for each injection of the micro-bubble agent, there is no established standard for the patterns of enhancement, and calcification in a nodule may affect CEUS imaging. So far, it is difficult to compare the results of the different studies.
The final aim of the endocrinologist's effort is to minimize unnecessary thyroidectomy in the current setting of epidemic thyroid nodule pathology. A properly performed colour-Doppler US examination and a satisfactory cytological result from FNAB continue to play a central diagnostic role. USE and CEUS are innovative techniques, which need to be standardized.
At present, they seem to be too time-consuming and of limited utility in selecting patients for surgery. Further studies based on totally blinded evaluation are needed in order to provide more conclusive evidence of the role of USE and CEUS in the management of thyroid nodules.
